Background: In various regions of Brazil, several species of the genus Byrsonima (Malpighiaceae) are widely used to treat gastrointestinal complications. This genus has about 150 species of shrubs and trees distributed over the entire Neotropical region. Various biological activities have been identified in these plants, especially antioxidant, antimicrobial and topical and systemic anti-inflammatory activities. The aim of this study was to investigate the mutagenicity and antimutagenicity of hydroalcoholic leaf extracts of six species of Byrsonima: B. verbascifolia, B. correifolia, B. coccolobifolia, B. ligustrifolia, B. fagifolia and B. intermedia by the Salmonella microsome assay (Ames test).
Background
The use of medicinal plants in folk medicine is based on empirical knowledge gathered for centuries by diverse ethnic groups. This knowledge, based on daily experience and passed down from generation to generation, constitutes the origin of modern medicine [1, 2] .
Byrsonima is a genus of Neotropical trees and shrubs known for yellow, cherry-sized fruits. In various regions of Brazil, several species of this genus are widely used in the treatment of gastrointestinal problems. Research has confirmed a number of different biological activities in these plants, especially antioxidant, antimicrobial and topical and systemic anti-inflammatory activities. Phytochemically, this genus has been noted for the presence of flavonoids and triterpenoids [3] .
In previous studies, the methanolic (MeOH) leaf extract of B. crassa showed mutagenic activity in the Ames test with Salmonella typhimurium strain TA98, without the metabolic activation system (S9), and amentoflavone, one of the metabolites isolated from the ethyl acetate fraction of this species, gave positive results for mutagenicity [4] , while the MeOH extract of B. intermedia demonstrated signs of mutagenic activity in the Salmonella strains TA98 and TA100 [5] .
To complement the studies with the genus Byrsonima, we also tested MeOH and chloroform extracts of B. basiloba for mutagenicity and antimutagenicity. No mutagenic activity was observed in either extract. However, both extracts showed antimutagenic activity against direct and indirect mutagens [6] .
Considering the popular use of these plants, the risk of using medicinal extracts without detailed investigation and the valuable role of chemopreventive substances, the aim of this study was to assess the mutagenic activity of hydroalcoholic extracts of leaves of six Byrsonima species (B. verbascifolia, B. correifolia, B. coccolobifolia, B. ligustrifolia, B. fagifolia and B. intermedia) by the Ames test, and to identify protective activity in these species against the mutagenicity of the direct and indirect-acting mutagens, 4-nitro-o-phenylenediamine (NPD), mitomycin C (MMC), benzo[a]pyrene (B[a]P) and aflatoxin B 1 (AFB 1 ).
Methods

Chemicals
Dimethylsulfoxide (DMSO), nicotinamide adenine dinucleotide phosphate sodium salt (NADP), D-glucose-6phosphate disodium salt, magnesium chloride, L-histidine monohydrate, D-biotin, sodium azide (NaN 3 ), 2-anthramine (2-AA), NPD, MMC, 2-aminofluorene (2-AF), B[a]P and AFB 1 were purchased from Sigma Chemical Co (St. Louis, MO, USA). Oxoid Nutrient Broth No. 2 (Oxoid, England) was used as the bacterial culture medium. D-Glucose, magnesium sulfate, citric acid monohydrate, anhydrous dibasic potassium phosphate, sodium ammonium phosphate, monobasic sodium phosphate, dibasic sodium phosphate and sodium chloride were purchased from Merck (Whitehouse Station, NJ, USA).
Plant material and extraction
Aerial parts of each species were collected in the states of São Paulo, Tocantins and Piauí, Brazil, as reported in Table 1 , which also has details of the voucher specimens.
The leaves were separated from the aerial parts, dried at 40°C to constant mass and then pulverized and stored in the dark, under cool, dry conditions, until used. Hydroalcoholic extracts were prepared in 7:3 (v/v) EtOH/H 2 O, in a stainless steel percolator (20 L). The solvent was added to the leaf powder and left standing for 2 h, before packing the percolator, with a solvent: leaf powder ratio of 5:1 (w/w). The percolation was performed at a moderate flow rate of 2 mL/min/kg. The solvent was eliminated from the extract in a rotatory evaporator (Heidolph Laborota 4001), equipped with low-pressure pump control with a Heidolph Rotavac Control valve. The residual water extract was dried in a Micro Module freeze-dryer (Savant Instruments Inc.). The dried extract was powdered and stored in amber bottles at 4°C.
Mutagenicity test
Mutagenicity was assessed by the Ames test (Salmonella/microsome assay), with a preincubation for 20 min, with (+S9) and without (−S9) metabolic activation. The Salmonella typhimurium tester strains, TA98, TA100, TA97a and TA102, were kindly provided by Dr. B.N. Ames (Berkeley, CA, USA) [7, 8] . These strains were grown overnight from frozen cultures for 12-14 h in Oxoid Nutrient Broth No. 2. The metabolic activation mixture (S9 fraction), prepared from livers of Sprague-Dawley rats treated with the polychlorinated biphenyl mixture Aroclor 1254 (500 mg/kg), was purchased from Molecular Toxicology Inc. (Boone, NC, USA) and freshly prepared before each test. The metabolic activation system consisted of 4% S9 fraction, 1% 0.4 M MgCl 2 , 1% 1.65 M KCl, 0.5% 1 M D-glucose-6-phosphate disodium and 4% 0.1 M NADP, 50% 0.2 M phosphate buffer and 39.5% sterile distilled water [8] .
To assay mutagenic activity, five different concentrations of each dry extract (0.20-16.7 mg/plate for B. verbascifolia, 0.52-16.7 mg/plate for B. correifolia, 0.52-16.0 mg/plate for B. coccolobifolia, 0.02-18.0 mg/plate for B. ligustrifolia, 0.6-5.0 mg/plate for B. fagifolia and B. intermedia), dissolved in DMSO, were tested. The extract concentrations were selected on the basis of a preliminary toxicity test. In all subsequent assays, the upper limit of the dose range tested was either the highest non-toxic dose or the lowest toxic dose determined in this preliminary assay. Toxicity was detected either as a reduction in the number of histidine revertants (His+) or as a thinning of the auxotrophic background lawn. The various amounts of extracts to be tested, dissolved in DMSO, were added to 0.5 mL of 0.2 M phosphate buffer or to 0.5 mL of 4% S9 mixture, plus 0.1 mL of bacterial culture and then incubated at 37°C for 20-30 min. Thereafter, 2 ml of top agar were added, and the mixture poured on to a plate containing minimal agar.
The plates were incubated at 37°C for 48 h and the His + revertant colonies were counted manually. All experiments were done in triplicate. The standard mutagens used as positive controls in experiments without the S9 mix were NPD (10 μg/plate) for TA98 and TA97a, NaN 3 (2.5 μg/plate) for TA100 and MMC (0.5 μg/plate) for TA102. In experiments with S9 activation, 2-AA (1.5 μg/ plate) was used with TA98, TA97a and TA100 and 2-AF (5 μg/plate) with TA102. DMSO (100 μL/plate) served as negative (solvent) control.
Antimutagenicity test
Only extracts considered non-mutagenic were subject to this test employing the method of preincubation in plates, developed by Maron and Ames [8] . Five different concentrations of extracts (0.013-2.000 mg/plate for B. verbascifolia, 0.008-4.000 mg/plate for B. correifolia, 0.010-0.500 mg/plate for B. fagifolia and 0.007-0.250 mg/ plate for B. intermedia) were associated with known mutagens in tests with and without metabolic activation, using S. typhimurium tester strains TA98, TA100 and TA102. In the tests without metabolic activation, the mutagen NPD (10.0 μg/plate) was used for TA98 and MMC (0.5 μg/plate) for TA102, while in those with metabolic activation, 1.0 μg/plate of B[a]P was used for TA98 and 0.5 μg/plate of AFB 1 for TA100. The extracts were mixed with 0.5 mL of 0.2 M phosphate buffer, or 0.5 mL of 4% S9 mixture for metabolic activation, 0.1 mL of bacterial culture and the mutagen and incubated at 37°C for 20-30 min. After incubation, 2 mL of top agar was added, and the content of each tube was lightly homogenized and poured onto a plate of glucose minimal agar. After solidification of the top agar, the plates were incubated for 48 h at 37°C, and the number of revertant colonies per plate was counted. The entire assay was performed in triplicate [6, 9] .
Data analysis
The mutagenic activity results were analyzed with the statistical software package Salanal 1.0 (U.S. Environmental Protection Agency, Monitoring Systems Laboratory, Las Vegas, NV, from the Research Triangle Institute, RTP, NC, USA), adopting the model of Bernstein et al. [10] . The data (revertants/plate) were assessed by analysis of variance (ANOVA), followed by linear regression. The mutagenicity ratio (MR) was also calculated for each concentration tested; MR is the average number of revertants per test plate divided by the average number of revertants per negative (solvent) control plate. The sample was considered mutagenic when a dose-response relationship was detected and a two-fold increase in the number of revertants (MR ≥ 2) was observed for at least one concentration [7] .
The antimutagenic activity results were analyzed with the statistical software GraphPad Prism 5. The data (revertants/plate) were assessed by analysis of variance (one-way ANOVA), followed by Tukey's test. The antimutagenicity results were expressed as percent inhibition (the ability of the compounds to inhibit the action of the known mutagen), calculated as described by Tachino et al. [11] :
where T is the number of revertant colonies in a plate containing mutagen and compounds and M is the number of revertant colonies in a plate containing the mutagen alone.
Results were interpreted as no antimutagenic effect when the inhibition was lower than 25%, a moderate effect for a value between 25% and 40% and strong antimutagenicity for values greater than 40% [9, 12] .
Cell viability was also determined in each antimutagenesis experiment, to assess the potential bactericidal effect of the mutagens and associations. A sample was considered bactericidal when the number of viable bacterial cells was less than 60% of that observed in the negative control [6, 13] . Table 2 shows the mean number of revertants/plate (M), the standard deviation (SD) and the mutagenic ratio (MR) after the treatments with the six extracts, observed in S. typhimurium strains TA98, TA100, TA97a and TA102, in the presence (+S9) and absence (−S9) of metabolic activation. The results showed that only B. coccolobifolia and B. ligustrifolia extracts induced an increase in the number of revertant colonies relative to the negative control, indicating mutagenic activity. B. coccolobifolia, in the absence of S9, showed activity in the strain TA98, with a doseresponse relationship reaching a mutagenic ratio of 2.8. In the presence of S9, in the same strain, at all concentrations tested, this extract reached a mutagenic ratio higher than 2.0. B. ligustrifolia, in TA98 without S9, reached a mutagenic ratio of 2.0 at the two highest concentrations tested. None of the other species extracts induced twofold or greater increase in the mean number of revertants relative to the negative control group, in the presence or absence of S9. 
Results
Mutagenicity test
Antimutagenicity test
The antimutagenic effect of each extract was assessed from the mean number of revertants/plate, the standard deviation (SD) and the percent inhibition (% I) of the mutagenic activity of NPD, MMC, AFB 1 and B[a]P on treatment with the five concentrations of the extract. The results are displayed in Table 3 . B. verbascifolia extract can be considered a strong antimutagen against NPD, as it showed more than 40% inhibition at two of the concentrations tested. When tested with MMC, this extract did not show antimutagenic activity; however, with AFB 1 , all five concentrations tested showed more than 40% inhibition, and concentrations in the range of 0.25-2 mg/plate achieved 91% inhibition, making the extract a very strong antimutagen. Against B[a]P, the five tested concentrations of the extract of B. verbascifolia also showed more than 40% inhibition and the highest concentration attained 82%, ranking it as strongly antimutagenic. B. correifolia extract also showed strong antimutagenic activity against NPD, as it induced more than 40% inhibition at four of the five concentrations tested. However, the extract was not antimutagenic against MMC. When mixed with AFB 1 , all five tested concentrations of the extract showed inhibition exceeding 40%, reaching 80% at one concentration. Thus, B. correifolia had strong antimutagenic activity against this agent. Associated with B[a]P, all five concentrations of the extract of B. correifolia tested showed inhibition of revertants around 80%, reaching 83% at one concentration, representing very high antimutagenicity. Although B. correifolia was not found to be antimutagenic against MMC, it demonstrated a potential for significant reduction in the numbers of revertants.
Extract of B. fagifolia and B. intermedia can be described as moderately antimutagenic against NPD, as they inhibited 36% and 30% of revertants, respectively. Against MMC, these extracts showed no antimutagenic activity. When combined with AFB 1 , these extracts showed 36% and 32% inhibition, respectively, and can be considered moderately antimutagenic. When mixed with B[a]P, the two extracts induced inhibition greater than 40%, reaching 76% and 77%, respectively, and ranking them as strongly antimutagenic.
Discussion
In Brazil, plants of the genus Byrsonima (Malpighiaceae) represent a rich source of catechin and epicatechin derivatives and are used in folk medicine for the treatment of gastric ulcers, inflammation, skin infections, fever and asthma. They are popularly known as "murici-vermelho" or "murici-cascudo" and grow wild in the cerrado (savannah-like) vegetation of Brazil. Byrsonima species have been scientifically proven to possess several pharmacological properties, such as antiulcerogenic, mutagenic and antimicrobial activity [14] .
The results of this study demonstrate an absence of any mutagenic activity in leaf extracts of B. verbascifolia, B. correifolia, B. fagifolia and B. intermedia, at all the concentrations tested on the four S. typhimurium strains, since the number of revertant colonies observed on each test plate was less than twice that in the negative control [7] . However, B. coccolobifolia extract doubled the number of revertant colonies in strain TA98, both in the presence and in the absence of metabolic activation, suggesting an ability to cause frameshift mutations, before and even after being metabolized. In strain TA97a, the dose-response for B. coccolobifolia went up to a mutagenicity ratio of 1.9, giving evidence of mutagenicity. B. ligustrifolia also doubled the number of revertant colonies in strain TA98 in the absence of metabolic activation and can be considered an inducer of frameshift mutations.
In a previous study, we showed that a MeOH extract of B. crassa exhibited mutagenic activity in the Ames test. The following compounds were isolated from the acetate fraction: quercetin-3-O-β-D -galactopyranoside, quercetin-3-O-α-L -arabinopyranoside, amentoflavone, methyl gallate and (+)-catechin. Among these, only amentoflavone exhibited positive mutagenicity. Therefore, this compound contributes to the mutagenic activity observed in the MeOH extract [4] .
In another study, MeOH, hydromethanol and chloroform extracts of B. intermedia were assessed for mutagenicity by the Ames test and mutagenic activity was not positively identified, in any extract, but the MeOH extract showed signs of mutagenicity to the strains TA98 (+S9,−S9) and TA100 (−S9). The values of the MR were close to 2, and the dose-response effect was significant. Phytochemical analysis of the MeOH extract furnished (+)-catechin, (−)-epicatechin, quercetin-3-Oβ-D -galactopyranoside, methyl gallate, gallic acid, quercetin-3-O-α-L -arabinopyranoside, amentoflavone, quercetin, quercetin-3-O-(2"-O-galloyl)-β -galactopyranoside and quercetin-3-O-(2"-O-galloyl)-α -arabinopyranoside [5] .
Comparing the compounds in the MeOH extracts of B. intermedia with those from B. crassa [15] , similar profiles were observed, but a difference was seen in the flavonol concentration and the difference in the amentoflavone content explained the results obtained. In B. crassa, mutagenic activity was observed and the main compound of the extract responsible for this effect was amentoflavone [4] . In B. intermedia, this biflavonol is also present, but in smaller amounts, explaining the signs of mutagenic activity obtained in the assays with Salmonella [5] .
Quercetin is a compound that is always present in Byrsonima extracts [4] [5] [6] . It is a flavonoid known for its mutagenic potential. Resende et al. [16] showed that quercetin is highly mutagenic in TA98, TA100 and TA102. This compound has been observed to induce a mutation ratio of 20.4, suggesting that quercetin contributes to the mutagenic potential of this genus. For the hydroalcoholic extract of B. intermedia and B. fagifolia, the results obtained here are also similar to results described for the MeOH extract [5, 17] . This fact suggests that the MeOH and hydroalcoholic extracts are similar in composition.
The detection of genotoxicity is highly advisable, so as to avoid the risk of genotoxic exposure to mutagens and carcinogens. However, some genotoxic compounds cannot be completely avoided because they are air pollutants, or some might be ingested as food contaminants. Also, some therapeutic drugs belong to an important group of genotoxic compounds. Antimutagenicity studies have been developed to diminish the risk in the event of genotoxic exposure [18] . There have been several reports in the literature, that medicinal plants or fruit juices have components such as polyphenols, vitamins, chlorophylls, terpenes and unknown organic compounds, which are described as antimutagens and perhaps anticarcinogens [19] .
In the present study, the B. verbascifolia and B. correifolia extracts acted as strong antimutagens against NPD, with inhibition up to 48% and 51% of induced revertants, respectively. B. fagifolia and B. intermedia were moderately antimutagenic, and their percentages of inhibition reached 36% and 30%. These extracts were able to prevent frameshift mutations.
When combined with MMC, none of the extracts could be considered antimutagenic, although B. correifolia extract reduced significantly the number of revertants at several doses.
Against AFB 1 , B. verbascifolia and B. correifolia extracts performed as strong antimutagens, reaching inhibition levels of 91% and 80% of revertants, respectively. It should be emphasized that when the concentration of the B. verbascifolia extract was varied, the inhibition remained at 91%, which reinforces its strongly protective potential. B. fagifolia and B. intermedia were moderately antimutagenic in these tests, reaching 36% and 32% inhibition, respectively. This demonstrates the potential of these extracts to be used as protective agents against indirect mutagens, which require metabolic activation.
Against B[a]P, all the extracts showed strong antimutagenicity and may be able to prevent frameshift mutations. B. verbascifolia reached a level of inhibition of 82%, B. correifolia 83%, B. fagifolia 76% and B. intermedia 77%. It should be emphasized that even when the concentration of the B. correifolia extract was varied, the percentages of inhibition remained very close to each other (at 82-83%), confirming its protective potential.
In previous studies, no mutagenic activity was observed in MeOH and chloroform extracts of B. basiloba, however, both extracts showed antimutagenic activity. The highest inhibition level (89%) was obtained with the MeOH extract, in the strain TA100 in the presence of AFB 1. Phytochemical analysis of these extracts revealed the presence of n-alkanes, lupeol, ursolic and oleanolic acid, (+)-catechin, quercetin-3-O-α-L -arabinopyranoside, gallic acid, methyl gallate, amentoflavone, quercetin, quercetin-3-O-(2"-O-galloyl)-β-D -galactopyranoside, and quercetin-3-O-(2"-O-galloyl)-α-L -arabinopyranoside [6] .
Rinaldo et al. [14] demonstrated that in MeOH extracts and aqueous infusions from the leaves of five Byrsonima species, only in B. coccolobifolia was it not possible to observe the presence of catechins and epicatechins. In the other four species analyzed, it was found that the MeOH extracts showed larger amounts of catechins than the infusions, per gram of leaves. B. basiloba showed the highest concentration of catechin diastereomers, followed by B. verbascifolia, B. crassa and B. intermedia.
The results of this study are in agreement with those in the above mentioned research. B. verbascifolia and B. intermedia did not exhibit mutagenic activity, nor did B. basiloba [6] , but all of them were antimutagenic and showed high concentrations of catechins [14] , suggesting that catechins are important in antimutagenic activity. This point is corroborated by a study that claims that catechins are already known for their antimutagenic and cancer preventive properties [20, 21] .
The phytochemistry of all species analyzed to date in the genus Byrsonima is similar; we suggest that all species possess amentoflavone and quercetin, but in varied amounts. Probably, B. coccolobifolia and B. ligustrifolia possess higher concentrations of amentoflavone or quercetin, because they were mutagenic, but all the other species studied here probably possess a lower concentration of these flavonoids.
Although the mutagenic biflavonoid amentoflavone was present in the non-mutagenic B. basiloba, the amount of this compound found in the MeOH extract (1.79 mg/g of MeOH extract) was much smaller than that found in the (mutagenic) B. crassa (17.04 mg/g of MeOH extract) and B. intermedia (13.70 mg/g of MeOH extract) extracts, which showed weak signs of mutagenicity in an earlier study [5, 6] .
Finally, we have to emphasize the excellent chemopreventive ability of these extracts, especially with respect to compounds that require metabolic activation. All extracts evaluated were considered strongly antimutagenic against at least one of the tested mutagens.
The careful study of medicinal plants should be encouraged, because while many beneficial properties are confirmed or discovered, as shown here, some species may pose risks to users.
Conclusion
These results contribute valuable data on the safe use of medicinal plants and some benefits, such as chemopreventive effects. Some medicinal plants should be used with caution by the population, such as B. coccolobifolia and B. ligustrifolia, because they are mutagenic. However, B. verbascifolia, B. correifolia, B. fagifolia and B. intermedia were found to be strongly antimutagenic against at least one of the mutagens tested and, given the outstanding antimutagenic activities revealed in some tests, these extracts are good candidates for development as chemopreventive agents. Considering that medicinal herbs contain complex mixtures of thousands of components that can act alone or synergistically [22] , it is important to continue phytochemical studies of hydroalcoholic extracts, to provide the chemical profile of the active species.
